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OBJECTIVES 


The  objectives  of  this  program  were  to  determine  optimum 
stress  relieving  procedures  for  cold  wound  helical  compression 
springs  and  to  determine  if  it  is  necessary  that  the  stress 
relieving  operation  be  performed  immediately  after  coiling, 

INTRODUCTION 


The  purpose  of  the  stress  relieving  operation  of  cold 
wound  helical  springs  is  to  remove  the  induced  stresses  that 
are  caused  by  the  coiling  operation  and  thereby  increase  the 
elastic  properties  of  the  spring  material.  The  stress  reliev- 
ing operation  is  accomplished  by  subjecting  the  springs  to 
a temperature  of  400  - 900°F  (depending  on  type  of  material) 
for  approximately  30  minutes.  It  has  been  recommended  by  some 
investigators  that  the  stress  relieving  operation  should  be 
done  as  soon  as  possible  after  coiling  to  minimize  the  pos- 
sibility of  crack  initiation.  It  was  pointed  out  that  the 
elastic  limit  of  most  spring  materials  was  60  - 70%  of  the 
tensile  strength.  This  results  in  a comparatively  narrow 
range  of  stresses  between  the  elastic  limit  and  tne  tensile 
strength  of  the  material  within  which  the  spring  must  be 
formed.  Coiling  stresses  of  necessity  must  exceed  the 
elastic  limit,  but  cannot  exceed  the  ultimate  strength.  It. 
was  felt  that  under  some  conditions  the  coiling  operation 
may  produce  trapped  residual  stresses  that  could  initiate 
surface  cracks  if  they  were  not  removed  promptly  after  coiling. 
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DISCUSSION 


Material  and  Test  Procedures 

The  helical  compression  springs  that  were  used  in  this 
program  were  fabricated  from  the  following  spring  tempered 
materials  and  given  the  specified  stress  relieving  treatments. 
Wire  diameter  of  .050  inch  was  used  for  all  the  material  types. 

MATEf! IAL  STRESS  RELIEVING  TREATMENT 


Music  wire,  QQ-W-470 
Chrome  vanadium,  QQ-W-412, 
Stainless  steel,  QQ-W-423, 
Nickel  chromium,  QQ-W-390, 


Meat  at 

Comp.  1 Heat  at 
Comp.  FS302  Heat  at 
Cond  C Heat  at 


450CF  +_  10°  for  30  minutes 
700°F  + 25°  for  30  minutes 
600°F  +^15°  for  30  minutes 
900°F  + 25°  for  60  minutes 


Six  basic  spring  designs  with  indexes  of  3,  5,  7,  9,  11 
and  13  were  prepared  for  this  program.  The  spring  index  is 
defined  as  the  ratio  of  the  mean  coil  diameter  to  the  wire 
diameter.  Detailed  specifications  for  these  designs  are  given 
in  the  Appendix.  Thirty  springs  of  each  design  were  fabricated 
from  each  material;  a grand  total  of  720  springs  were  produced. 
Each  group  of  30  springs  was  divided  into  three  sets  of  10 
springs  each  and  the  time  to  start  the  stress  relieving  opera- 
tion varied  as  follows: 

Set  i if  1 - Stress  relieve  immediately  after  coiling. 

Set  # 2 - Stress  relieve  one  hour  after  coiling. 

Set  n 3 - Stress  relieve  24  hours  after  coiling. 

Prior  to  coiling,  all  material  was  examined  thoroughly 
for  surface  defects  with  the  aid  of  a binocular  microsope. 

No  cracks  or  surface  defects  were  observed  and  the  material 
was  accepted  for  coiling.  The  material  vas  re-examined  after 
coiling  and  was  found  free  of  surface  defects.  After  stress 
relieving,  all  springs  were  preset  by  compressing  to  solid 
height  three  times . 


Test  fixtures  were  designed  and  fabricated.  The  springs 
were  endurance  tested  on  a Krouse  spring  tester  at  a rate  of 
1 000  cycles/'minute.  A photograph  of  a test  spring  assembled 
onto  the  fixture  is  included  in  the  Appendix.  Testing  was 
performed  between  the  stress  levels  of  100,000  psi  and  170,000 
psi  for  all  springs.  Measurements  were  taken  on  free  heights 
and  spring  loads  periodically  during  the  tests.  Approximately 
80%  of  the  testing  was  completed  when  it  was  decided  to  termi- 
nate the  remaining  scheduled  endurance  tests.  The  decision 
was  based  on  the  fact  that  the  generated  test  data  showed  no 
apparent  trend  or  consistent  pattern  from  which  to  draw  con- 
clusions as  to  an  optimum  time  to  stress  relieve  springs.  It 
was  expected,  based  on  recommendations  by  other  investigators, 
that  the  springs  that  were  stress  relieved  immediately  after 
coiling  would  have  longer  life  because  of  the  fact  that  the 
induced  ^oiling  stresses  which  may  be  det^i ;n°ntal  to  the 
wire  material  were  removed  promptly;  however,  test  data  did 
not  substantiate  this  supposition. 

Test  Results 


The  springs  were  endurance  tested  until  breakage  or 
500,000  cycles  were  completed,  whichever  occured  first.  All 
of  the  music  wire  sprinqs  were  tested  and  a qraphical  repre- 
sentation of  the  endurance  life  of  each  music  wire  spring  is 
shown  on  the  graphs  in  the  Appendix.  The  following  Table 
shows  the  number  of  broken  springs  in  each  sample  group  of 
10  springs  for  the  four  materials. 
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BROKEN  SPRINGS 


Stress  Relieve 

Stress  Relieve 

Stress  Relieve 

Spring 

5 Mi n After 

1 Hour  After 

24  Hours  After 

Material 

Index 

Coil i nq 

Coi lino 

Coi 1 i nq 

3 

8 

6 

3 

5 

6 

5 

5 

Music 

7 

2 

8 

2 

Wi  re 

9 

1 

3 

2 

11 

0 

1 

0 

13 

1 

0 

0 

3 

4 

6 

2 

5 

4 

0 

7 

Chrome 

7 

1 

7 

7 

Vanadi um 

9 

4 

6 

4 

11 

0 

4 

4 

13 

Not  Tested 

Not  Tested 

Not  Tested 

3 

Not  Tested 

10 

1 0 

5 

10 

9 

10 

Stain! ess 

7 

10 

10 

10 

Steel 

9 

10 

10 

9 

11 

9 

10 

9 

13 

Not  Tested 

Not  T ested 

Not  Tested 

3 

9 

10 

9 

5 

10 

10 

10 

Ni ckel 

7 

10 

10 

10 

Chromi um 

9 

Not  Tested 

Not  Tested 

Not  Tested 

11 

Not  Tested 

Not  Tested 

Not  Tested 

13 

Not  Tested 

Not  Tested 

Not  Tested 
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STATISTICAL  ANALYSIS 


A statistical  analysis  was  performed  in  an  attempt  to 
detect  any  significant  differences  in  the  widely  dispersed 
data.  A test,  called  the  unbiased  test1,  was  made  to 
statistically  compare  the  sample  means  (7).  The  test  is  based 
on  the  assumption  that  the  data  has  a normal  distribution 
with  an  unknown  mean  fatigue  life,  p.  If  p,  is  the  mean  life 

for  one  heat  treatment  and  p2  is  mean  for  another 

treatment  whose  life  is  believed  to  be  longer  because  of 
the  time  at  which  it  was  heat  treated,  then  the  hypothesis 
that  Mj  = p2  or  p2  - pj  = 0 is  tested  against  the  alternative 

u2  > P!  or  p2  - Pi  > 0. 

By  computing  the  value  of  t,  derived  in  the  reference, 
from  the  sample  means  and  assuming  p2  - Pi  = 0 we  can  test 
our  hypothesis.  Choose  a number  (a)  from  the  "student's" 
distribution  tables  with  nj  + n2  - 2 degrees  of  freedom  so 
that: 

Pr  (t>a)  = a 

where  a = level  of  confidence  we  have  in  saying  that  the  life 
obtained  with  one  delay  before  heat  treatment  is  statistically 
longer  than  the  life  obtained  by  using  a different  time  delay 
before  heat  treatment.  The  statistical  comparison  takes  into 
account  the  sample  size  and  variance. 

If  t is  a larger  value  than  a then  we  reject  the  hypothesi 
p2  = px  in  favor  of  p2>pj  with  a level  of  confidence  that 
X2>Xi. 


1.  REF:  H.  D.  Brunk,  An  Introduction  to  Mathematical  Statis- 

tics, Page  258. 


Example  calculation: 

From  data  on  stainless  steel  spring  with  c = 7 


S2  = I z"  ‘ x2 
n i=i  1 


n = sample  size 

x = sample  life  in  thousands 
of  cycles 

x = mean  1 i fe 

S = variance 


S2  (5  min)  = ^ (732  + no2  + 852  + 932  + 1 08 2 + 98 

+ 742  + 662  + 81  2 + 72 2)  - 952  = 1 053 

S2  (1  hr)  = 2533 


(x2  - x,)  - (p2  - Pi) 
1 V n r Si2  + n2  S2* 


ni  n2  (n  j + n2  - 2) 
n 1 + n2 


= 10 


(x2  - x 


( 1 0 ) ( 1 0)(  1 0 + 10  -2) 


3 121 


he  " 


In  this  case  t is  not  larger  than  a,  therefore,  we  can  not 
reject  the  hypothesis  p2  = in.  We  have  less  than  90  percent 
confidence  in  saying  that  "x2  > x\.  In  other  words  we  can 
not  say  with  90  percent  or  qreater  confidence  level  that  heat 
treat  after  a 5 minute  delay  is  better  than  a 1 hour  delay. 
When  comparing  the  24  hour  delay  to  the  5 minute  delay  the 
confidence  level  would  have  to  be  lowered  to  65  percent  be- 
. fore  the  test  hypothesis  could  be  rejected. 

The  results  of  analyzing  the  data  (see  the  following 
Tables)  for  stainless  steel  and  nickel  chromium  do  not  support 
the  contention  that  immediate  heat  treatment  is  necessary.  In 
some  cases  the  wait  was  detrimental  and  in  other  cases  it  was 
beneficial.  Inspection  of  the  breakage  data  for  the  music 
wire  and  chrome  vanadium  springs  indicated  that  the  timing 
of  stress  relief  had  no  effect  on  spring  life  over  a cycle 
life  equivalent  to  50  times  the  expected  Army  life  usage. 
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10 
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• 

i 

i | 

NICKEL  CHROMIUM 

i 

! 

i 

! 

n = 10 

j 

C = 7 

\ 

\ \ 

Time  between  coiling 

' I 

and  stress  relieving 

5 Min 

1 Hr 

24  Hr 

1 1 * 

98 

120 

111 

j i 

124 

130 

124 

[ i 

(Cycles  to  breakage 

134 

144 

120 

in  thousands) 

117 

137 

121 

123 

73 

152 

t 

111 

135 

124 

] 

96 

140 

130 

1 i 

95 

140 

119 

Cc> 

i ’ 

90 

143 

151 

1 i 

i ; 

1 4 

127 

106 

108 

j * ! 

; * 

* 

Totals 

1115 

1268 

1260 

- 

| A 

' \ 

1 \ 

X 

112 

127 

126 

i I 

| i 

S2 

111 

395 

198 

i ; 

S 

11 

20 

14 

I 

i 

Comparing 

Comparing 

; 

•. 

5 min  with  1 hr 

5 min  with  24  hr 

I 

i 

t 

2.000 

2.389 

i 

t : 

l : 

a 

.95 

.975 
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— 
| Time  Between  Coiling 

No.  of  Tests 

That  Were: 

Weakest 

! and  Stress  Relieving 

Strongest 

j — — — 

i 5 Minutes 

2 

4 

i 1 Hour 

4 

2 

1 

i 24  Hours 

1 

Average  life  for  all  springs  with  5 minute  delay  - 173,000  cycles. 
Average  life  for  all  springs  with  1 hour  delay  - 168,000  cycles. 
Average  life  for  all  springs  with  24  hour  delay  - 171,000  cycles. 
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CONCLUSIONS 

It  is  concluded  from  the  analysis  of  the  test  data  that 
the  time  interval  between  the  coiling  and  stress  relieving 
operations  has  no  effect  on  the  endurance  properties  of  the 
four  spring  materials  that  were  investigated.  Therefore, 
it  is  not  necessary  for  springs  fabricated  from  these 
materials  to  be  stress  relieved  immediately  after  coiling. 

The  large  amount  of  spring  breakage  that  occurred  in 
this  test  program  is  attributed  to  the  severe  conditions  of 
the  cycling  tests,  particularly  the  maximum  working  stress 
1 evel  of  170,000  psi . 

Analysis  of  the  test  results  also  indicates  that  there 
is  more  breakage  with  springs  of  smaller  index  than  with 
springs  of  higher  index,  particularly  for  the  music  wire 
springs.  One  reason  for  this  is  that  the  stress  concentra- 
tion at  the  inner  diameter  of  the  coiled  wire  is  inversely 
proportional  to  the  spring  index. 

Another  conclusion  not  directly  related  to  the  objec- 
tive of  the  project  is  that  music  wire  and  chrome  vanadium 
are  superior  materials  to  stainless  steel  and  nickel  chromium 
for  spring  applications  where  the  operating  stress  levels 
are  between  100,000  and  170,000  psi.  This  conclusion  is 
based  on  the  significantly  larger  amount  of  breakage  for 
the  latter  two  materials  and  agrees  with  most  spring  manuals 
which  recommend  music  wire  and  chrome  vanadium  for  high 
stress  applications  under  repeated  loading.  Recommended 
design  stress  levels  for  these  two  materials  are  much 
higher  than  values  given  for  stainless  steel  and  nickel 
chromi urn. 


RECOMMENDATIONS 

It  is  recommended  that  no  further  effort  be  made  to 
study  the  effect  of  the  time  interval  between  the  coiling 
and  stress  relieving  operations  on  the  endurance  properties 
of  the  four  investigated  spring  materials. 
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APPENDIX 


Photograph  - Production  Spring  Installed  on  Endurance  Tester 

Specifications  - Spring  Design  # 1 

Specifications  - Spring  Design  # 2 

Specifications  - Spring  Design  § 3 

Specifications  - Spring  Design  § 4 

Specifications  - Spring  Design  # 5 

Specifications  - Spring  Design  if  6 
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STRESS  RELIEVE  PROGRAM 
DESIGN  # 1 
SPRING  INDEX  - 3.0 


WIRE  SIZE  (In.) 050 

OUTSIDE  DIAMETER  (In.) 200  + .003 

TOTAL  COILS 37 

TYPE  OF  ENDS...., Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 2.73 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.300 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 32.7 

MINIMUM  OPERATING  HEIGHT  (In.) 2.000 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb.) 55.5 

LOAD-DEFLECTION  RATE  (Lb. /In.) 76 

MAXIMUM  SOLID  HEIGHT  (In.) 1.900 

SPRING  HELIX R.H. 


STRESS  RELIEVE  PROGRAM 
DESIGN  # 2 
SPRING  INDEX  - 5.0 


WIRE  SIZE  (In.) 050 

OUTSIDE  DIAMETER  (In.) 300  + .005 

TOTAL  COILS , ' 30 

TYPE  OF  ENDS Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 3.33 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.369 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 19.6 

MINIMUM  OPERATING  HEIGHT  (In.) 1.700 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb.) 33.3 

LOAD-DEFLECTION  RATE  (Lb. /In.) 20.5 

MAXIMUM  SOLID  HEIGHT  (In.)..., 1.600 

SPRING  HELIX R.H  . 
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STRESS  RELIEVE  PROGRAM 
DESIGH  S 3 
SPRING  INDEX  =7.0 


WIRE  SIZE  (In.) 050 

OUTSIDE  DIAMETER  (In.) 400  + .005 

TOTAL  COILS 27 

TYPE  OF  ENDS. Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 4.39 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.721 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 14.0 

MINIMUM  OPERATING  HEIGHT  (In.) 1.550 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb.) 23.8 

LOAD-DEFLECTION  RATE  (Lb. /In.) 8.4 

MAXIMUM  SOLID  HEIGHT  (In.) 1.450 

SPRING  HELIX R.H. 


STRESS  RELIEVE  PROGRAM 
DESIGN  # 4 
SPRING  INDEX  = 9.0 


WIRE  SIZE  (In.) ..  .050 

OUTSIDE  DIAMETER  (In.) 500  + .005 

TOTAL  COILS 20 

TYPE  OF  ENDS Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 4.59 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.595 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 10.9 

MINIMUM  OPERATING  HEIGHT  (In.) 1.200 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb 18.5 

LOAD-DEFLECTION  RATE  (Lb. /In.) 5.5 

MAXIMUM  SOLID  HEIGHT  (In.) 1.100 

SPRING  HELIX R.H. 
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STRESS  RELIEVE  PROGRAM 

DESIGN  $ 5 
SPRING  INDEX  =11.0 


WIRE  SIZE  (In.) 050 

OUTSIDE  DIAMETER  (In.) 600  + .005 

TOTAL  COILS 16 

TYPE  OF  ENOS Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 4.93 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.620 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 8.9 

MINIMUM  OPERATING  HEIGHT  (In.) 1.000 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb.) 15.2 

LOAD-DEFLECTION  RATE  (Lb. /In.) 3.9 

MAXIMUM  SOLID  HEIGHT  (In.) 900 

SPRING  HELIX R.H. 


I-  . 
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STRESS  RELIEVE  PROGRAM 
DESIGN  H 6 

SPRING  INDEX  = 13.0 


WIRE  SIZE  (In.) 050 

OUTSIDE  DIAMETER  (In.) 700  + .005 

TOTAL  COILS 14 

TYPE  OF  ENDS Closed  Ground 

FREE  HEIGHT,  APPROX.  (In.) 5.22 

MEAN  ASSEMBLED  HEIGHT  (In.) 2.677 

LOAD  AT  ASSEMBLED  HEIGHT  (Lb.) 7.5 

MINIMUM  OPERATING  HEIGHT  (In.) 900 

LOAD  AT  MINIMUM  OPERATING  HEIGHT  (Lb.) 12.8 

LOAD-DEFLECTION  RATE  (Lb, /In.) 3.0 

MAXIMUM  SOLID  HEIGHT  (In.) 800 

SPRING  HELIX R.H. 
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Denotes  Spring  Breakage 
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Denotes  Spring  Breakage 
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